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Water-mix metalworking fluids (MWF) are widely used to cool machined parts
in cutting and grinding machines. Employers must ensure effective exposure
control measures are in place to protect workers from potential health risks.
Potential risks include inhalation of small MWF droplets and mist causing lung
diseases such as severe asthma and hypersensitivity pneumonitis, and skin
disease (dermatitis) from contact with MWF.
The use of compressed airguns by machinists to clean machined components
can generate MWF mist composed of droplets small enough to be inhaled.
Therefore, the use of alternative cleaning methods that do not generate
droplets and mist could help to reduce the risk of lung disease.
This report describes a 2019 expert workshop including representatives from
the machining industry and lubricant manufacturers to elicit views on the use
of compressed air guns and barriers to adopting alternative cleaning methods.
The workshop participants had 4 key conclusions. (1) Industry was familiar
with the risks of injuries from equipment and noise-induced hearing loss, but
was less familiar with the risks of lung and skin diseases. (2) Experienced
machinists regarded compressed airguns as the most effective tool to clean
and prevent damage to the machined component. (3) New airgun designs
reduced aerosol formation, droplets splashed back onto the operator, and
noise. However, their higher cost may be a barrier to wider adoption. (4)
Industry needed to share more evidence about alternative cleaning methods.
HSE is using these findings to inform ongoing inspections and engagement
with industry to protect workers.
This report and the work it describes were funded by the Health and Safety
Executive. Its contents, including any opinions and/or conclusions expressed, are
those of the authors alone and do not necessarily reflect HSE policy.
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Key Messages
Inhalation of small droplets of water-mix metalworking fluid is associated with an
increased risk for lung diseases, specifically occupational asthma and
hypersensitivity pneumonitis. Compressed airguns are commonly used in workshops
to remove used metalworking fluid from machined components but they produce
many small droplets of metalworking fluid small enough to be inhaled.
An expert workshop was organised by the Health and Safety Executive (HSE) to
elicit expert views on the use of compressed air guns including barriers to adopting
alternative cleaning methods. The workshop included 24 experts from the machining
industry, the UK Lubricants Association, industrial hygienists, health and safety
managers, and from HSE. To assist this discussion, HSE scientists and specialist
inspectors presented research which found that machining quality standards strongly
influence the industry's preference to use compressed airguns. This preference also
reduces the likelihood of using alternative types of cleaning equipment compared to
compressed airguns.
The workshop participants concluded:
 The industry was familiar with occupational safety risks from the unsafe use of
compressed airguns for example, blast injuries to skin, or hearing impairment. It
was less familiar with the health risks particularly for lung disease.
 The industry regards compressed airguns as the most effective cleaning tool to
remove metalworking fluid and metal particles from components. Removing small
metal particles is critical and prevents subsequent surface damage and failure of
parts in use.
 Some manufacturers have recently improved the design of compressed airguns to
reduce mist formation, 'splash-back' of metalworking fluid onto the operator, and
operating noise levels. However, the higher cost of these improved airguns may
be an obstacle to their wider adoption particularly by small businesses.
 The industry considers that more evidence is required about the effectiveness and
safety of alternative types of cleaning equipment; particularly if they are to replace
compressed airguns for surface cleaning of machined components.
 The industry representatives considered that 'back-lit' images which highlight
spray droplets emitted by compressed airguns will help to raise awareness about
the risk of inhaling metalworking fluid droplets when using a compressed airgun.
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Executive Summary
Background
Inhalation of small droplets of water-mix metalworking fluid (MWF) is associated with
an increased risk for occupational lung disease in machinists. Compressed airguns
are commonly used in workshops to remove used MWF from machined components
but they produce many small droplets of MWF small enough to be inhaled.
Water-mix MWF and neat lubricants are used to cool machined parts in cutting and
grinding machines. At low cutting speeds MWF is shed as large droplets (>10 m
diameter) but at higher speeds it is increasingly shed as smaller droplets (<4.0 m
diameter). These small droplets can remain suspended in the air as a mist and may
be inhaled and enter the lungs. Used water-mix MWFs accumulate hazardous
materials such as soluble metals and microscopic metal particles, impure waste oil
(also termed tramp oil), microorganisms, and biocides added to restrict microbial
growth. Inhalation of MWF mist is associated with the risk for occupational asthma
and occupational hypersensitivity pneumonitis. Under the Control of Substances
Hazardous to Health Regulations (COSHH, 2002 as amended) duty holders are
required to control employee exposure to MWF mist. The UK Lubricants Association
(UKLA) "Good Practice Guide for Safe Handling and Disposal of Metalworking
Fluids" which HSE supported also emphasises the importance of minimising skin and
inhalation exposure to MWFs (2021).
A HSE research study published in 2011 (HSE Research Report RR904 "Mists
created by the use of compressed airlines for the removal of metalworking fluids Assessment of the possible exposure health risk") reported that compressed airguns
at certain operating pressures generate a mist of MWF placing the operator at risk of
lung exposure. Compressed airguns also produce larger droplets of MWF which fall
onto the hands, arms and torso of the operator increasing the risk of skin contact and
Occupational Dermatitis (OD). Despite concerns about the health risks posed by the
frequent use of compressed airguns in machine workshops, the HSE inspection
campaign in 2019 had found little evidence of a reduction in the use of this cleaning
method.
To understand the reticence of machinists to reduce their use of compressed
airguns, HSE scientists and sector specialists organised this consultative workshop.
The workshop involved industry experts in machining, health and safety managers,
the UKLA Products Safety Group (UKLA-PSG), industrial hygienists, the Advanced
Manufacturing Research Centre (AMRC) and the HSE manufacturing sector group.
The consultation focussed on the reasons for using compressed airguns for cleaning
work and the experience of machinists in using alternative cleaning methods.
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Aim
To illicit expert views from industry experts about the use of compressed airguns and
alternative cleaning technologies in metalworking workshops.

Approach
The expert workshop was held on the 15 July 2019 at the University of Sheffield
Factory of the Future, in the AMRC Sheffield. The event was organised for
knowledge sharing and discussion about the use of compressed airguns for cleaning
work and whether there are alternative cleaning methods which reduce misting, noise
and risk of injury. Several presentations were given by the AMRC and HSE at the
start of the workshop to set out the background to this topic. This included a
presentation from a HSE scientist on the behavioural and attitudinal factors that
influence the use of compressed airguns and alternative cleaning methods by
machinists (Bailey C 2021).
The discussion explored the following topics:
 Health and safety concerns about compressed airguns.
 Examples from businesses that had experience in using alternative cleaning
methods.
 Alternative cleaning equipment and methods.
 Improving the performance, or reducing the use, of compressed airguns.
 Are alternatives to compressed airguns equally effective cleaning methods?
 If there are acceptable alternatives to compressed airguns for cleaning work what
obstacles are likely to prevent their wider adoption?
 If compressed airguns provide the best means for cleaning can we improve on
working practices to use them to reduce risks for lung disease as well as hearing
impairment and pressurised air injuries?

Conclusions
The participants concluded:
 The health risks (for occupational asthma and occupational hypersensitivity
pneumonitis) from inhalation of MWF mist were not familiar to the industry
representatives. Blast injuries to the skin and hearing impairment from
compressed airgun noise were better understood as occupational risks.
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 The machining industry view was that compressed airguns are the most effective
and practical means to remove MWF and fine metal particles on machined parts;
this is essential to prevent damage to and failure of these parts in use.
 The design of compressed airguns has improved to reduce mist formation, splash
back on the operator, and noise levels; however, the cost of these improved
airguns may be an obstacle to their wider adoption.
 There was a general lack of knowledge in machine workshops about alternative
methods for cleaning machined parts and machinery. Machinists need evidence
about the types of cleaning applications these alternatives methods are suitable
for.
 The suitability of alternative cleaning methods for machined parts, or machinery,
will need to consider health and safety risks they present, and the operating costs
across their lifecycle of use.
 The conclusions of this expert workshop will help to inform industry and HSE
regulatory and policy staff about the use of compressed air guns and options for
using air guns of improved design or alternative cleaning methods.
 Using images of MWF mist formed around operators of a compressed airgun will
help to convey a clearer message of the inhalation risks.
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1.0 Introduction
In 2018, the Health and Safety Executive (HSE) science division initiated a research
programme to collaborate with industry and academic research centres to reduce
risks for occupational ill health in machinists from work with metalworking fluid
(MWF). Inhalation of water-mix metalworking fluid (MWF) mist is associated with an
increased risk for occupational lung disease in machinists (Burton CM et al 2012).
Compressed airguns are commonly used in workshops to remove MWF from
machined components, but they produce clouds of MWF droplets small enough to be
inhaled. In addition, compressed air guns pose a risk to workers health through
physical injury and noise. This research programme aims to reduce machinists’
exposure to MWF mist which is a recognised risk factor for Occupational Asthma
(OA) and Occupational Hypersensitivity Pneumonitis (OHP).
HSE published a research report (2011) which used an exposure chamber to
simulate cleaning of a machined metal part. This involved a Manikin holding an
automated robotic arm delivering repeated and consistent blasts of compressed air
onto a machined part covered in a consistent volume of MWF. At pressures >32 psi
(2.2 Bar), a very large number of small MWF mist droplets were produced of a size
(<4.0 m diameter) sufficiently small to enter the lungs. A fluorescent dye was also
used to track the movement of the MWF droplets produced by the compressed
airgun. This demonstrated that large MWF droplets were deposited on the hands,
arms, and torso of the 'operator'. On uncovered skin, exposure to MWF is associated
with risks for Occupational Dermatitis (OD) in machinists.
In recent years the HSE inspectorate has undertaken inspection programmes in
metal foundry and metal fabrication businesses to address health and safety risks. In
metal fabrication these inspections have focussed on the duty holders understanding
of the key health risks, and the control measures to minimise the risks from exposure
to MWFs. Duty holders have been asked not to use compressed airguns at operating
pressures that create mist. Despite concerns about the frequent use of compressed
airguns for cleaning work in machine workshops, there has been little evidence from
the ongoing HSE regulatory inspection programme that they are being used less.
To facilitate a better understanding of machinists’ reliance on compressed airguns,
and their reluctance to adopt other cleaning methods, HSE science division
undertook research (Bailey C., 2018) to understand attitudes and behaviours of four
different groups of employees in a medium sized aerospace part manufacturer.
Based on focus groups and interviews with managers, the views on the use and
replacement of compressed airguns for cleaning work was investigated.
The results of the historical MWF research and the recent social science study were
presented in the introduction to the workshop to inform the subsequent discussions
about obstacles to improving safe use of compressed airguns and reducing their use
through adoption of alternative cleaning methods.
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2.0 Summary of Presentations
The workshop programme, list of attendees and copies of the presentations can be
found in Appendix 6.1, 6.2 and 6.3 respectively.

2.1 Research on Safe Machining
Stephen Davies – AMRC
The Advanced Manufacturing Research Centre (AMRC) in Sheffield is a worldleading research and innovation centre which works in partnership with Advanced
Manufacturing (AM) and engineering companies in the UK and abroad. Its
membership includes global companies such as Boeing, Rolls-Royce, McLaren
Automotive, BAE Systems and Airbus and a large number of Small and Medium
sized Enterprises (SMEs). The AMRC is a Technology Catapult centre established to
develop and implement AM technology, and to stimulate industrial and economic
performance through improvements to manufacturing productivity and
competitiveness, as well as training a new generation of talented engineers.
Conventional machining using MWF lubricants is carried out at the AMRC, therefore
there is a need to ensure health and safety and wellbeing of the staff. The AMRC
has established a good relationship with the major suppliers of MWFs to ensure that
those supplied are compliant with the requirements to control substances hazardous
to health and European Union registration of hazards; particularly if any constituents
pose a risk to human health. An AMRC Management system is in place to ensure
that the bacteria levels are kept under control in MWFs consistent with the statutory
duty of care to their employees. MWF monitoring checks are also in place and
performed by an outside contractor. The AMRC is also aware that machine local
exhaust ventilation (LEV) and air extraction and filtration systems are essential and
where installed their performance is actively monitored. This includes monitoring their
clearance times, and when installing new machines, ensuring that any problems with
the movement of the air through the extraction system are removed during the initial
system design and commissioning stage.
The AMRC regard continuous improvement as essential to a well-run factory and the
well-being of the staff based on a clear management structure to ensure the safety of
all the employees. This is visible to staff through method statements, warning signs
and simple operating procedures that can be checked quickly throughout the day. At
present the company has a number of measures being undertaken regarding use of
MWF and compressed airguns as listed below.
 MWF trials are performed 'in house' and it has been found that water-based fluids
flow over the surface of machines and parts better than neat oils.
 It is important that LEV systems are maintained and working. When machine
doors are opened, the extraction system may stop operating and this may lead to
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inhalation of MWF mist. The timing of opening an enclosure door is therefore
critical to minimise this exposure risk.
 When considering the use of compressed airguns there are complex variables i.e.

proximity to extractors, the distance to the machining part, viscosity of the MWF,
nozzle design. These factors all affect the release of MWF mist from compressed
airgun use. The AMRC has looked at a number of different designs of compressed
airguns and trialled different types in their workshops. They found that ~35 psi (2.4
Bar) was a reasonable target to reduce operating pressure without affecting the
efficient removal of MWF and metal fines whilst minimising mist formation.
 The AMRC acknowledge that the issue surrounding MWF and worker exposure is
complex but considered that solutions to this problem can be found. Training is
offered to all employees through a variety of delivery mechanisms, such as online
courses, weekly updates and on the job learning. All operators are encouraged to
observe those around them and be aware of what they are doing in terms of safety
and practises.

2.2 HSE Research Programme
Gareth Evans and Jodi Brookes – HSE Scientists
Machining with water-mix MWFs is an established risk for the development of OA,
OHP and OD (HSE, 2007) and cases of respiratory ill health still occur in machine
workshops in GB.
The inhalation of mist particles generated during machining, or other activities, is a
key risk factor for OA and OHP in machinists. Minimising exposure to MWF mist is
critical to good control practice and reducing this disease risk in machinists. The
potential hazardous substances in used MWFs that cause OA and OHP are complex.
Recent research has highlighted the involvement of specific microorganisms such as
Mycobacteria that can grow in metalworking fluid supply systems.
To address concerns about the quality of used MWFs, HSE scientists and specialist
inspectors have worked with the UK Lubricants Association (UKLA) Product
Stewardship Group (PSG) to publish the first industry led good practice guide on safe
management of MWFs (UKLA, Version 1.0 2018). This sets out good working
practices to reduce occupational risks for lung and skin disease in machinists.
The HSE science division research programme focuses on the causation and
prevention of OA and OHP by MWFs by addressing the following.
 Communicating good practice management of MWF and reducing exposure of
employees to the hazardous in used MWF. This includes work on Next Generation
Sequencing (NGS) of microbial DNA to identify the types of microorganisms,
pathogenic and non-pathogenic that can grow in MWFs.
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 Supporting use of improved control measures to reduce machinists’ exposure to
MWF mist.
 Identifying new approaches to quantifying MWF mist: In 2005, HSE withdrew the
good practice guidance value for assessing the control of MWF mist. This had
been set at 1.0 mg.m-3 / 8Hr TWA (HSE, 2014) based on quantification of boron a
common constituent of water-mix MWFs. The new research is considering the use
of alternative methods to monitor MWF mist. In 2018, HSE scientists and specialist
inspectors held an experts workshop with the AMRC and UKLA to assess the
evidence supporting the use of Direct Reading Aerosol Monitors (DRAMs).
 Working with manufacturers of cutting and grinding machines, and manufacturers
of LEV and mist extraction systems, to design machines for safe containment and
extraction of MWF mist.
HSE scientists previously undertook research to assess personal exposure to MWF
mist when compressed airguns are used for removing MWF from a machine part.
This research has been summarised in a published HSE report (HSE, 2011). Based
on the use of an experimental exposure chamber, a manikin fitted with an automated
robotic arm to trigger and move the compressed airgun, the generation of small (<1.0
m) and large (>1.0 and <10 m size) diameter MWF droplets was quantified using
particle counters. A fluorescent dye was also used to visualise the size and surface
deposition of the larger MWF droplets above 10 l volume.
At low operating air pressure (~16 psi / 1.1 Bar) the blasts of compressed air used to
clean the component released a small number of large (<10 m size) MWF droplets.
When the pressure was increased to ~32 psi (2.2 Bar) the total number of particles
per unit volume of air (termed the number concentration) of these droplets increased
~10-fold (Figure 1 top panel). In contrast, at an operating pressure of ~16 psi (1.1
Bar) the number concentration of smaller MWF droplets (for example, 0.5-1.0 m)
was much larger (~107/ml) and increased ~10 fold to ~108/ml when the airgun
pressure was increased to ~32 psi (2.2 Bar) (Figure 1 bottom panel).
The deposition of the MWF droplets was visualised by adding a fluorescent tracking
dye to the MWF (Figure 2). This demonstrated that a standard compressed airgun at
typical operating pressure of 32 psi (2.2 Bar) resulted in deposition of many large
MWF droplets onto the hands, arms, and torso of the manikin. This presents an
additional risk for skin contamination without appropriate use of personal protective
equipment (PPE) to protect the skin.
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Figure 1: Measurement of MWF droplets released from the surface of a metal
component cleaned using multiple bursts (~30) of compressed air over ~100 mins.
The data includes the airgun operated at low pressure (~16 psi / 1.1 Bar – blue line)
and higher pressure (~32 psi / 2.2 Bar – red line). The upper panel shows the
number of 1.0-3.0 m diameter 'small' droplets measured using a TSI AeroTrak
particle sampler. The lower panel shows the total mass of <10.0 m diameter
droplets measured using a Casella Microdust Pro real time ‘aerosol’ mass analyser.
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Figure 2: Photographs showing the deposition of fluorescent-labelled MWF onto the
body of a test manikin after operation of a compressed airgun for 30 separate
programmed bursts.
.
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2.3 Machinists’ Attitudes to Using Compressed Airguns
Claire Bailey – HSE
To understand why machinists prefer to use compressed airguns for cleaning work a
study was conducted at a medium size aerospace engineering company (Bailey C,
2018). The study participants were divided into four groups; apprentices, experienced
machinists but new to the company, experienced machinist who had worked at the
company for many years, and a group of workshop managers. Discussions were
based around focus groups and one to one interviews with the managers and
included the following questions.
Why do machinists continue to use compressed airguns?
The machinists consistently stated that compressed airguns are an essential, and
versatile, tool to clean components and the cutting machines. The Managers also
considered their use essential for high quality cleaning of the surfaces of machined
components.
Do machinists think that using compressed airguns exposes them to MWF
mist?
The apprentices recognised they could be exposed to MWF from use of compressed
airguns, and some said they modified their behaviour, for example, looking away
when using them. They were also aware of safety risks (injuries to eyes and skin)
from training they received at their local colleges, but they were less aware that using
a compressed air gun may cause longer-term health risks, particularly OA and OHP.
In contrast, experienced machinists were more sceptical about these risks which they
consider part of their job. Managers were also aware of these risks; but concluded
that compressed airguns are just a part of the overall risk for exposure to MWF, with
emissions from cutting and grinding machines being more important. However, when
the participants were shown photographs of MWF mist released by compressed
airguns, some changed their stance and accepted that compressed airguns present
an exposure risk.
Conclusions
 Machinists use compressed airguns because the finish quality of machined parts
is important to ensure the reliability of a machined part in use.
 Alternative cleaning methods to compressed airguns will need to provide the same
reassurance about removing metal particles from machined parts.
 There is a role for improving awareness amongst machinists about the risks to
health from unsafe use of compressed airguns.
 There are options to improve the design and safe use of compressed airguns.
 Raising awareness in the industry about alternative cleaning methods was
considered valuable.
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3.0 Summary of Workshop Discussions
3.1 Does the Use of Compressed Airguns Present Health Risks?
The workshop participants highlighted concerns about the noise generated when
compressed airguns are used at high pressures (> 32 psi /2.2 Bar). If their use could
be eliminated it would be easier to comply with workplace environmental noise limits.
Another concern highlighted was the risks of injury if a compressed air stream is
directed at the operator, or person standing close to them. This can result in damage
to eyes, or blowback of pressurised air and metal particles into the skin causing
embolisms.
The workshop participants were less aware that aerosolisation of MWF could lead to
lung exposure although some participants recognised a growing awareness of this
concern. However, the inhalation risks from using compressed airguns were not
considered as high a priority as other aspects of machining which can expose
machinists to MWF mist.

3.2 Are Compressed Airguns Used for Other Purposes?
The focus of this discussion centred on the use of compressed airguns to clean
('blow-down') machined parts to remove lubricant and metal fines. However, during
the discussion, it also became clear that airguns are used for a wide variety of tasks
such as:


Blowing down inside machining beds and enclosures.



Cleaning extraction filters.



Cleaning work surfaces.

It was agreed by all participants that compressed airguns would never be used to
clean machine sumps for which vacuum suction systems were the preferred option.
There was agreement from all those who worked in machining workshops, that
despite the concerns about the safe use of compressed airguns, their use presented
the most effective and cost-efficient way to clean the surfaces of machined parts.
During the discussion participants were asked to identify examples of alternative
cleaning systems. Some were identified and included vacuum devices, filtration
equipment for cleaning used MWF and absorbent cloths for wiping surfaces.
However, not all the participants had experience of using these alternative methods,
but all were familiar with using compressed airguns. Despite some awareness of
these alternatives, the participants thought it unlikely that any could match
compressed airguns as a simple effective method of cleaning machined parts
particularly those with complex surface geometries.
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3.3 How Can Compressed Airguns Be Used More Safely?
3.3.1 Attitudes and safety procedures:
The experience of the participants was that training on the safe use of compressed
airguns was limited. Compared to other complex machines that employees are
trained to use, compressed airguns seem simple to use. HSE scientists were aware
from discussions with a local authority college that provided training to apprentice
machinists that they included a module on health and safety. This training highlighted
risks for hearing loss and physical injury from using compressed airguns, but did not
include advice about other potential health risks such as skin and lung disease.
Some of the participants noted that their companies had detailed safety operating
procedures, risk assessments and method statements for work with metalworking
machines. They were unsure whether the company had procedures on safe use of
compressed airguns. From this perspective and because most workstations are
supplied with an airgun, they are regarded as 'part of the furniture'. Some participants
reflected that guidance on safe use of compressed airguns was provided in their
operating procedures and risk assessments. However, these procedures identified
risks for physical injury and not hearing impairment or lung disease.
3.3.2 Modifications to airguns:
The results of the social science research (Bailey C., 2018) included accounts from
several machinists of methods they employed to use compressed airguns more
safely. This included only using the guns to 'blow-off' MWF and metal fines within the
confines of the cutting machine enclosure. Some companies had invested in longer
airguns to increase the physical distance between the operator and the head of the
nozzle delivering the compressed air. Others had either manufactured shields to fit
behind the nozzle of the air gun to limit 'blow-back' on the operator or had purchased
improved designs of airguns equipped with these features. Some workshop
participants had also investigated the use of modified airguns with different nozzle
designs to reduce noise.
3.3.3 Lowering the operating pressure of airguns:
Some companies manufacturing airguns have undertaken research which has
informed improvements to the design of airguns. This included airguns with modified
nozzles to reduce hearing loss and tinnitus; and the addition of shields behind the
delivery nozzle to protect the operator from 'splash-back'. These improved designs
were more expensive; some participants stated this presented an obstacle to wider
adoption since most companies have already fitted many airguns around
workstations. Machinists often rejected the use of these alternative air gun designs
for quite basic reasons. For example, compared to the small style air gun which can
easily be fixed to a machine or workbench, longer airguns, and guns fitted with a
‘blow-back’ shield were found to take up more space or require different fixings.
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One of the manufacturers of airguns attending the workshop reported that by
redesigning the delivery nozzle it was able to reduce compressed air operating
pressure reducing emitted noise levels. This ensures that the compressed air stream
is effective at cleaning but quieter, generating a frequency outside of the human
hearing range. Under normal conditions of use a standard gun running at 72 psi (~5.0
Bar) causes noise at ~95 dBA with a 4 mm diameter aperture. By reducing the
pressure or the size of the aperture it is possible for the noise level to fall to 79 dBA
which can also reduce a company's overall energy costs for operating air
compressors by as much as 55%. When operated at higher pressures the added air
turbulence disrupts the MWF fluid producing larger numbers of small droplets.
In the US, the Occupational Safety and Health Administration (OSHA) have put in
place directive STD 01-13-001 that states that airguns should not be operated at
pressures that exceed 30 psi (2.1 Bar) at the delivery nozzle to reduce the risk of
injury through skin embolism. They acknowledged that more evidence is required
that 30 psi pressure is effective at removing fine metal particles. This particularly
applies to cleaning components in which metal debris sits inside complex surface
geometries. One of the workshop participants noted that their customers who
reduced the operating pressure of their compressed airguns to 30 psi (2.1 Bar)
achieved reductions in noise and energy cost savings.
3.3.4 Modifying the airgun nozzle:
Regulating the pressure at the nozzle end of an airgun is challenging when multiple
guns are fed from the same compressor which by necessity has to be run at a higher
pressure. Some manufacturers include Venturi ports at the side of the airgun nozzles
to allow extra air to be drawn in during their operation. Should the main outlet be
blocked these ports prevent a build of pressure that could lead to injury from a highpressure release of air. Poorly designed nozzles, which release turbulent air, are
energy inefficient and more likely to widely spread MWF and metal particles rather
than remove them with a directed stream of air.
Fitting pressure regulators to the airguns also raises difficulties, in that the operator
could choose to dial up the pressure to the level they consider beneficial thus
creating a greater risk of injury, noise, and aerosolisation. This is likely to happen as
many machinists rely on the noise level generated as a guide that the compressed
airgun is working effectively. In the study carried out by a HSE scientist (Bailey C,
2018), some machinists said that if they perceived the pressure to be insufficient
based on a drop in noise level, they used another airgun that operated at the
appropriate noise level. If this was not possible, they simply used the quieter airgun
for longer to achieve the desired outcome.
3.3.5 Reducing the use of airguns:
An ideal outcome would be to reduce the use of compressed airguns, using them
only for tasks to which they are best suited. Their use could be further reduced if
more of the component cleaning was undertaken within the cutting machine rather
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than outside. Manufacturers of high-end cutting machines are including automated
component cleaning systems using robotic arms to direct a stream of compressed air
around the machined part. For older machines, some operators are adding airlines
and blowers to clean components within the machine enclosure space thus reducing
exposure to MWF mist and metal fines. Any MWF aerosolised during component
cleaning should remain within the machine enclosure doors and be extracted by the
LEV and filtration system. The challenge for cleaning components within machines is
the need to inspect the part to ensure that no particles have been left on their
surfaces. The amount of time taken to clean a machined part adds to the production
costs, and is factor influencing the use of different cleaning methods.

3.4 Alternative Cleaning Equipment
The participants discussed the range of alternative cleaning methods to compressed
airguns. It was not clear how effective all these alternative methods are, and what
cleaning tasks they are best suited to. One company that was unable to attend the
workshop provided a list of alternative cleaning methods they had evaluated to
reduce their dependency on the use of compressed airguns. This list included
information about suitability of each alternative for specific cleaning tasks and it was
used to inform the workshop discussion. These alternative methods included:
 Compressed air hose fitted inside the machine enclosure.
 A MWF spray system fitted inside the machine enclosure to wash off bulk
contaminants from the machine and cutting surfaces.
 Fans (Spindle 'Chip' Fans) fitted inside the machine enclosure to blow away MWF
and metal waste.
 Compressed air operated vacuum suction systems to clean parts in situ within the
machine enclosure.
 Compressed air cabinet–sealable containers with compressed airguns directed at
the machined parts but preventing exposure of the machinist.
 Magnetic cleaning devices to remove certain metals.
 Vacuum cleaners to remove sludge and swarf from sump tanks, and bulk waste
from inside the machine enclosure.
Some of the workshop participants had investigated alternative cleaning methods
however most had only limited experience in using them. Problems with these
alternative methods were identified:
 When using pressurised lubricant streams to wash down parts or the cutting
machine, compressed air still had to be used to dry surfaces.
 The use of vacuum/suction equipment is limited to removal of bulk waste materials
and not suited for small amounts of MWF and metal residue.
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 There is a risk that MWF waste is left inside vacuum machines and could present
a biohazard risk to future users of the equipment.
 Enclosed boxes designed to contain any mist generated during the cleaning of
components with compressed air were expensive and had to be shared between
several workstations slowing down production times.
 Strong fans fitted inside the cutting machines can be used to blow off the excess
lubricant from a machine component but are difficult to retrofit to older cutting
machines.
 Alternative cleaning equipment can be expensive, sometime bulky, and may result
in increased production times.
At the end of this part of the discussion, the participants were asked whether there
were practical and effective alternatives to using compressed air for surface cleaning
of components. Most participants stated that at present, there seemed to be no
effective and practical alternative that would do all the jobs required, but there was
room to use compressed air more safely. They suggested that it was possible to use
alternative cleaning methods for activities that do not warrant the use of compressed
airguns, although these presented additional health and safety risks.

3.5 Factors That Affect Decisions To Use Compressed Airguns
Safety, practicality and cost should be taken into account when considering
alternative cleaning methods. The attendees agreed that the purchase of vacuum
extraction systems and compressed airguns were usually an afterthought when
buying new cutting machines. Most new cutting machines come with a standard
compressed airgun attached to them. If a company decided not to have a
compressed airgun fitted, this decision had to be made during the procurement
process. Financial pressures often mean that more expensive options, such as fitting
of LEV is given lower priority whereas the fitting of a compressed air gun is relatively
inexpensive and seems a necessary fixture to a cutting machine. The staff
responsible for health and safety as well as machinists, have a role in informing
these purchasing decisions.
The social science study (Bailey C., 2018) highlighted that the attitudes of
experienced machinists may prevent a more open discussion about ways to improve
the safe use of compressed airguns and alternative methods. For example, local
colleges are teaching trainee apprentices about safety risks from compressed
airguns (for example, skin embolism, physical injuries, and noise impairment).
However, what the apprentices do and say in the machine workshop was affected by
the views of their experienced peers who remained sceptical that compressed
airguns present a risk to health or that alternative cleaning methods could be used for
some cleaning tasks. Even experienced machinists who had used other cleaning
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methods in previous employment appeared reticent to go against the prevailing views
of experienced machinists in their new company.
In adopting alternative cleaning methods those responsible for health and safety may
also consider whether they are replacing one set of risks with another. For example,
if new cleaning equipment must be retrofitted to machines does this affect the safety
of the cutting operations? Some alternative equipment such as vacuum suction
devices may present a slips and trips risk in use because of the requirements for
suction lines to collect waste MWF. Manual surface cleaning methods such as
absorbent paper, present the risk for increased skin contact with MWFs.
Attitudes to safer designs for compressed airguns can also act as an obstacle to their
wider adoption, for example:
 Machinists object to the use of longer length airguns to separate the operator
further from the nozzle end because they are more difficult to store at the side of
the machine.
 The use of shields set back from the nozzles to reduce 'splash-back' on the
operator are considered a nuisance as they make it more difficult to store the
compressed air lance.
 Machinists comment that unless the compressed airgun is making a certain level
of noise, they are dubious component cleaning will be effective although operating
the gun at lower pressure, or using a nozzle of improved design, reduces the
levels of noise emitted.
Large engineering companies can have a role in setting design standards that benefit
the wider supply chain. They often replace machines in larger batches and therefore
may be better placed to persuade machine manufactures to improve the design' of
the equipment to improve safety. Such as cleaning components within the machine
enclosure or improving the safe removal of waste metal swarf/fines, used MWF and
Tramp oil.
Engineering companies that manufacture high precision parts may be sceptical that
the use of compressed airguns can be reduced, or that alternative cleaning methods
could help to achieve the same outcome. However, some engineering companies
have reported successfully introducing alternative cleaning methods and reducing
their use of compressed airguns. The companies adopting these alternative methods
did not think that machining quality had been reduced consequently. The lessons
learnt by these companies could be shared more widely.

3.6 Communicating to Address Attitudinal and Behavioural
Obstacles to Change
To address machinists’ reliance on compressed airguns the following initiatives were
proposed:
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 Raising awareness about risks for exposure and ill health when airguns are used
at high pressure and close to the operator. HSE scientists have taken images of
the mist generated by compressed airguns by including a fluorescent dye in the
MWF. These images could be used to communicate the inhalation and contact
risks in a simple but effective way. This information needs to be provided to
machinists irrespective of their level of experience.
 Training in awareness of these risks needs to be improved. Apprentice machinists
may be introduced to the safety risks from compressed airguns during their college
courses, but this may have little impact on what they do in the workplace alongside
their experienced peers. To succeed, this training needs to provide clear evidence
about how to reduce these risks and meet exacting machining standards.
 This information and advice needs to be available to machinists irrespective of
their level of experience.
 The impact of this training may be greater if the full range of health and safety
risks is presented (noise, injury, lung, skin) together with solutions for how these
risks can be minimised without affecting machining standards.
 Advice about alternative cleaning methods would be beneficial. This could inform
purchasing decisions and how these methods meet the required standards for
cleaning machined components of equipment. Examples from machinists who
have successfully integrated these alternative cleaning methods will be required to
provide credible advice. Information on costs and resource implications of using
alternative cleaning methods are required to assist those making decisions about
health and safety standards or procurement of new equipment.
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4.0 Conclusions
4.1 Risks to health
Progress has been made in raising awareness about the importance of managing the
quality of used water-mix MWFs to reduce exposure to contaminants such as
microorganisms, Tramp oil, and metal residues. The UKLA PSG, with support and
endorsement from HSE, has produced a good practice guide which has been widely
distributed through MWF suppliers and via the UKLA web site. The first section of
this guide summarises risks to health from poorly managed MWF. It emphasises the
increased risk for inhalation from poor extraction and filtration of MWF mist during
high speed machining, and the exposure risk from use of compressed airguns. The
participants at this workshop were aware of this guidance and agreed about the
value of raising awareness. However, the causation of lung disease in machinists is
still not well understood and duty holders faced uncertainty about which aspects of
control practice in a workshop best minimise the risks to ill health.
The view from the different experts was that machinists had better understanding of
the risks for injury, or hearing loss. These topics are more likely to be included in
safety operating procedures and in health and safety training for new staff. The risk
from inhalation of MWF mist from compressed airguns was understood less. Some
participants commented that poor air quality is not only caused by compressed
airguns but other sources of pollution for example, from cutting machines.
The social science study undertaken by a HSE scientist (Bailey C., 2018) found that
experienced machinists and managers doubted that compressed airguns contributed
measurably to the risk for lung disease. To raise awareness in machinists more
evidence was required about the nature of the exposure and of the risk for lung
disease.

4.2 Alternative cleaning methods
Most participants concluded that compressed air is still the most practical and
effective cleaning tool to ensure the surfaces of machined parts remain free from
fluid, oil, and metal particles. This requirement is essential for manufacturing parts
used in 'safety critical' machines. It also accounted for the industries reluctance to
use alternative cleaning methods without evidence supporting their effectiveness as
cleaning methods.
It was agreed that recent improvements to the design and operation of compressed
airguns should be communicated better since these reduce emitted noise, spray
back, misting, and physical injury of the operator. The main obstacle to wider uptake
of improved design of compressed airguns is cost. The upfront cost of these new
designs was usually greater compared to standard airguns. However, these costs
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need to be considered across the life cycle of use. There is evidence that improved
airgun nozzle designs enable operating air pressure to be lowered without affecting
the quality of surface. Other benefits include energy savings, reductions in noise, and
reductions in injuries from pressure release when single port nozzles are blocked.
These benefits were not widely understood, and duty holders should be provided with
the evidence that improved airgun design can reduce health and safety risks and
operating costs.
Another way to improve the safety of compressed airguns was to consider how and
when they are used. For example, if they are used for cleaning machined parts
outside of the cutting machine it would be beneficial to understand why. Some
manufacturers of Computer Numerical Control (CNCs) machines are including
automated systems for cleaning machined parts, included automated handling of the
part, and other cleaning tasks such as removal of bulk MWF and metal waste.
However, most workshops in the UK are still operating with older machines and
require cost effective solutions to retrofit equipment to older machines. These 'addon' options include pressure washers and compressed air lines to 'blow-off' the part
surfaces once machined. By containing the cleaning within the machine enclosure,
emissions can be removed by LEV and mist filtration equipment.
It was noted that visual inspection of parts including some manual cleaning may still
be required to ensure that the surface quality is achieved.
The panel also considered the potential value of using alternative cleaning equipment
and methods. More information on alternative methods including potential benefits for
example, reduced energy consumption, would help to raise awareness about them.

4.3 Training and awareness raising
The workshop attendees agreed that awareness should be raised about the risks
from misuse of compressed airguns. These risks include physical injuries to soft
tissues and skin, and noise related hearing impairment. Greater use should be made
of images (fluorescent or backlit images) showing mist generated from compressed
airguns and the risk of splash back onto the operator by larger MWF droplets.
Centres providing health and safety education to trainee machinists currently focus
on the risks for injury and hearing loss from compressed airguns. This is also a focus
of 'in house' health and safety training in machining workshops. Many machinists do
not understand the inhalation risk caused by compressed airguns. Focussing advice
on the risks for injury and hearing loss may be preferable, as these risks are
understood. Improving operating practice and the design of compressed airgun
nozzles (for example, reduced operating pressure and improved nozzle design) will
help to address these inhalation risks.
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The wider dissemination of good practice advice on safe use of compressed airguns
and alternative cleaning methods will help to set benchmark standards for cleaning
work. This summary could include the benefits and limitations of each cleaning
method; and examples from users of these methods who have demonstrated
practical benefits or costs savings.
There is an opportunity to learn about good practice in using compressed airguns
from other industries that have improved, replaced, or minimised their use.
The conclusions of the workshop will help to inform future HSE inspection
programmes to provide Inspectors and duty holders with updated guidance on the
use of compressed air and the use of alternative cleaning methods. In 2019, the
COSHH Essentials Sheets MW1 (HSE 2021a) and MW2 (HSE 2021b) were updated
to include more specific guidance and understanding of compressed air use and
alternatives.
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Appendix
Workshop programme

Shared Research Programme Workshop 2
Using Compressed Airguns and Other Cleaning Methods in Machine
Workshops
Monday 15th July 2019
The Boardroom, Factory of the Future, AMRC, Sheffield S60 5TZ
Programme
10:00-10:15 am Welcome and introductions
10:15-10:35 am Research into safe machining at the AMRC- Steve Davies- AMRC
10:35-10:40 am The MWF shared research programme - Gareth Evans – HSE
10:40-10:55 am Compressed airguns and MWF mist emissions - Jodi Brookes –HSE
10:50-11:15 am Behaviours and attitudes to choosing alternatives to compressed airguns –
Claire Bailey - HSE
11:30-12:30 pm

Knowledge sharing session

 Health and safety concerns about using compressed airguns
 Experience in using alternative cleaning methods
 Examples of interventions to change cleaning practices
 Obstacles to changing practice
13:15-14:40 pm

Open discussion

 Are alternatives to compressed airguns equally effective as cleaning methods?
 If there are acceptable alternatives to compressed airguns for cleaning work what
obstacles are likely to prevent their wider adoption?
 If compressed airguns provide the best means for cleaning can we improve on working
practices to use them more safely?
14:40-15:00 pm

Conclusions and next steps
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List of attendees and their company/organisation at the time of the
workshop:
Attendee

Organisation

Matthew Broderick

AMRC

Steve Davies

AMRC

Paul Salter

AMRC

Matt Young

AMRC

John McKie

Sheffield University

Andrew Patrick

Faculty of Engineering, Sheffield University

David Wright

UKLA

Stuart Duff

Q8 Oils

Matt Bloomer

Q8 Oils

Stephen Birch

MacDermid Enthone Lubricants Division

Carol Stearne

BAE Systems (SHE Associate)

A representative

BAE Systems

Steve Thompson

Fluid Maintenance Solutions

Peter Davenport

Fluid Maintenance Solutions

Steve Alvey

Nasmyth Group

Martin Bush

Rolls Royce

Ian Evans

Element Materials Technology UK Ltd

A representative

DMG Mori

Colin Forbes

Silvent UK

Gareth Evans

HSE

Jodi Brookes

HSE

Claire Bailey

HSE

Samantha Lord

HSE

Fiona McGarry

HSE

All participants and organisations listed above were asked to consent to being
identified in this report.
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Copies of the workshop presentations
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Water-mix metalworking fluids (MWF) are widely used to cool machined parts in
cutting and grinding machines. Employers must ensure effective exposure
control measures are in place to protect workers from potential health risks.
Potential risks include inhalation of small MWF droplets and mist causing lung
diseases such as severe asthma and hypersensitivity pneumonitis, and skin
disease (dermatitis) from contact with MWF.
The use of compressed airguns by machinists to clean machined components can
generate MWF mist composed of droplets small enough to be inhaled. Therefore, the
use of alternative cleaning methods that do not generate droplets and mist could
help to reduce the risk of lung disease.
This report describes a 2019 expert workshop including representatives from the
machining industry and lubricant manufacturers to elicit views on the use of
compressed air guns and barriers to adopting alternative cleaning methods. The
workshop participants had 4 key conclusions. (1) Industry was familiar with the risks
of injuries from equipment and noise- induced hearing loss, but was less familiar
with the risks of lung and skin diseases. (2) Experienced machinists regarded
compressed airguns as the most effective tool to clean and prevent damage to the
machined component. (3) New airgun designs reduced aerosol formation, droplets
splashed back onto the operator, and noise. However, their higher cost may be a
barrier to wider adoption. (4) Industry needed to share more evidence about
alternative cleaning methods. HSE is using these findings to inform ongoing
inspections and engagement with industry to protect workers.
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